essential oils. Since T. arduini is used as a medicine, it would be useful to know the content of macro-and trace elements in this species. No data on antimicrobial activity of the essential oil of T. arduini are available.
The aim of the present study is to obtain additional knowledge on T. arduni, since no data on antimicrobial activity of its essential oil are available. Additionally, a study on content of macroelements and trace elements, as well as the types and distribution of glandular trichomes which produce essential oils in endemic T. arduini was done.
Experimental Procedures
The experimental part comprises hydrodistillation of plant material, gas chromatography (GC) and mass spectrometry (MS) of the essential oil, analysis of macroelements and essential trace elements using inductively coupled plasma atomic emission spectroscopy (ICP-AES) and atomic absorption spectrometry (AAS) in plant material, and antimicrobial activity of the essential oil.
Chemicals and microorganisms
5%-phenyl-95%-dimethylpolysiloxane was purchased from Varian Inc. (USA), while formalin, ethanol, acetic acid, HNO 3 and distilled water were purchased from Kemika (Croatia). All chemicals and reagents were of analytical grade and double distilled water was used throughout the study.
Microbial 
Herbal material
Randomly selected samples of wild growing plants Teucrium arduini L. were collected during the blooming period in July 2011 on Mt Biokovo in Croatia (GPS coordinates: 43 15'20.4'' N; 07 06'11.3' E; 702 m a.s.l.). Voucher specimens of herbal material were deposited in the Herbarium of the Department of Pharmaceutical Botany with Fran Kušan Pharmaceutical Botanical Garden, Faculty of Pharmacy and Biochemistry, University of Zagreb, Zagreb, Croatia (voucher no. 1521/2011). The above ground parts of several dozen randomly selected plants were harvested from mature plants on a dry day and mixed to obtain randomly selected sample. The sample was air-dried for 15 days in a well-ventilated room at 60% relative air humidity and room temperature (22ºC), single-layered and protected from direct sunlight. Dried aerial parts were subjected to hydrodistillation for 3 h in Clevenger type apparatus. Obtained essential oil was dried over anhydrous sodium sulphate. Dried aerial parts were also used for determination of macroelements and trace elements.
The samples (leaves, stems, flowers) for micromorphological investigation of trichomes were fixed in FAA (formalin/96% ethanol/acetic acid/water -5/70/5/20) and later transferred to 70% ethanol.
Gas chromatography and mass spectrometry (GC, GC-MS)
Gas chromatography analyses were performed on gas chromatograph (model 3900; Varian Inc., Lake Forest, CA, USA) equipped with flame ionization detector, mass spectrometer (model 2100T; Varian Inc.) and capillary column VF-5MS (30 m × 0.25 mm i.d., coating thickness 0.25 μm; Varian Inc.). The chromatographic conditions were as follows: helium was carrier gas at 1 mL·min −1 , injector temperature was 250ºC, and FID detector temperature was 300ºC. VF-5MS column temperature was programmed at 60ºC isothermal for 3 min, and then increased to 246ºC at a rate of 3ºC per minute and held isothermal for 25 min. The injected volume was 1 μL and the split ratio was 1:20. The MS conditions were: ionization voltage 70 eV; ion source temperature 200ºC; mass scan range: 40-350 mass units. The analyses were carried out in duplicate.
The individual peaks were identified by comparison of their retention indices (relative to C 8 -C 25 n-alkanes for VF-5MS) to those of authentic samples and literature [15] , as well as by comparing their mass spectra with the Wiley 7 MS library (Wiley, New York, NY, USA) and NIST02 (Gaithersburg, MD, USA) mass spectral database. The percentage composition of the samples was computed from the GC peak areas using the normalization method (without correction factors). The component percentages were calculated as mean values from duplicate GC and GC-MS analyses.
Analysis of macroelements and essential trace elements
For determination of macroelements and essential trace elements, duplicates of 2±0.0005 g of homogenized herbal material were wet digested with concentrated HNO 3 (5 mL) and 30% H 2 O 2 (2 mL) using the microwave digestion technique (MLS-1200 MEGA Microwave Digestion Systems, Milestone, Bergamo, Italy). The digestion conditions were: 1 min at 250 W (smooth oxidation of organic matter), 1 min at 0 W (proceeding of reaction without addition of energy to avoid runaway temperatures and overpressures), 5 min at 250 W (termination of the soft oxidation of the organic compounds), 5 min at 400 W and 5 min at 600 W (final termination of oxidation processes by applying higher power). After cooling, digested samples were diluted to 50 mL using deionised water and obtained solutions were used for further investigation. The content of mercury and arsenic was determined by atomic absorption spectrometry (AAS) on a PerkinElmer 4100 Zeeman ZL/FIMS 400 atomic absorption spectrometer (Perkin Elmer, Ueberlingen, Germany) using flow injection hydride generation technique [16] , while the content of other investigated elements was determined using inductively coupled plasma atomic emission spectrometry (ICP-AES) on Trace Scan Thermo (Thermo Jarrel Ash Corporation, Franklin, USA) using the standard technique [17] .
Antimicrobial susceptibility assay
Inoculums were prepared with fresh cultures of microbial strains, cultured on tryptic-soy agar or Sabouraud 2% (w/v) glucose agar for 18 h (48-72 h for fungi) at 30°C with physiological saline containing approximately 3×10 6 CFU (colony forming units)/mL. Density of inoculum (0.5 McFarland units) was adjusted with bioMerioux densitomat. Minimal inhibitory concentration (MIC) was determined by the twofold micro-dilution method in Müller-Hinton broth for bacterial strains and RPMI 1640 for fungi according to the Clinical and Laboratory Standards Institute (formerly NCCLS) M-27A and M7-A6 recommendations [18, 19] . MIC was defined as the lowest concentration of extract that allows no more than 20% growth of microbes after incubation on agar at 37°C for 18-48 h.
The essential oil was dissolved in 96% ethanol in concentration of 100 mg/mL as stock solution. The serial two-fold dilution was performed in concentration range between 50 mg/mL and 0.0488 mg/mL.
Micromorphological traits
For SEM-investigation, samples (leaf, stem, calyx) were transferred from 70% ethanol to 70% acetone, then dehydrated (70%, 90% and 100% acetone) and subjected to critical point drying using CO 2 as the drying medium (CPD030; Baltec), before being sputter coated with gold (Sputter Coater, AGAR) and examined under the scanning electron microscope XL30 ESEM (FEI) with 20 kV acceleration voltages in high vacuum mode. Untreated pollen was mounted on carboncoated double-sided tape, sputter coated with gold and investigated with a scanning electron microscope (also with 20 kV acceleration voltages in high vacuum mode) under different magnifications. The length of 30 pollen grains was measured. Common terminology was used in the description of micromorphology [20, 21] .
Results and Discussion

Gas chromatography and gas chromatography -mass spectrometry (GC, GC-MS)
Water distilled essential oils from aerial parts of Teucrium arduini have been analysed by GC/and GC/MS using VF-5ms capillary column. The total yield of oil was 1.1%, based on dry weight of samples. Thirty six compounds were identified and they represent 91.5% of the total essential oil ( Table 1 ). The essential oil was characterized by a high concentration of sesquiterpene hydrocarbons (68.5%), of which β-caryophyllene (32.9%) and germacrene D (16.4%) were the major compounds, followed by oxygenated monoterpene borneol (5.4%). All other components are found in concentrations under 4% (Table 1) . Sesquiterpenes are identified as dominant compounds in the essential oils of several Teucrium species [22] . According to this, sesquiterpene germacrene D (16.9%) was a major compound in the oil of T. aurdini from Montenegro [23] , β-caryophyllene in the oil of T. orientale (21.7%), T. chamaedrys (19.7%) [24] , T. scordium (22.8%) [25] , T. royleanum (23.6%) and T. quadrifarium (38.3%) [26] , and caryophyllene-oxide was a main compound in the essential oils of T. stocksianum (5.7%) and T. montbretii (8.8%) [27] . Caryophyllene-oxide was a main compound in the essential oil of T. stocksianum Boiss. (5.7%) [27] and T. montbretii Benth. ssp. heliotropiifolium (Barbey) P.H. Davis (8.8%) [27] . According to Dunkić et al. [29] , caryophyllene-oxide was a main compound (14.6%) of T. arduini essential oil from Croatia. In the present study, caryophyllene-oxide was represented in a small concentration (1.5%). This chemical variability suggests the possibility of further developing and exploiting the full potential of these species.
Macroelements and trace elements
The content of macroelements (Na, K, Ca, and Mg) and trace elements (B, Fe, Cu, Mn, Zn, Al, Pb, Cr, Cd, and Ni) in T. arduini is shown in Table 2 . Only the contents of Cu and Hg were below the limit of quantification. Among the investigated macroelements, the content of Ca was the highest (9772 mg/kg) while the content of Na was the smallest (117.74 mg/kg). Among the micronutrients (B, Fe, Cu, Mn, Zn), the most represented element was Fe (72.07 mg/kg). The results also showed that among other trace elements (Al, Pb, Cr, Cd, Ni, As), the most abundant was Al (65.42 mg/kg).
Jurišić et al. [30] found that the content of macroelements in T. arduini from Mt Velebit (Croatia) was somewhat higher, and it was 11825 mg/kg (K), 16467 mg/kg (Ca), and 1923 mg/kg (Mg). According to Jurišić et al. [31] , the content of trace elements in T. arduini from Mt Velebit was 410 mg/kg (Fe), 19 .50 mg/kg (Cu), 53 mg/kg (Mn), 44 mg/kg (Zn), and 0.80 mg/kg (Ni). Shallari et al. [32] Table 3 . The antimicrobial activity of Teucrium arduini essential oil using microdilution method.
MIC, minimal inhibitory concentration expressed as mean of two independent measurements.
Antibacterial and antifungal activity
The essential oil of T. arduini obtained from aboveground dry material showed antimicrobial activity against all bacterial and fungal species tested ( Table  3 ). The MIC values were found for bacterial species in the range from 6.25 mg/mL to 37.50 mg/mL. The fungal species were susceptible to T. arduini essential oil in the range of MIC between 7.81 mg/mL and 25.00 mg/mL. Hisham et al. [13] found that essential oil of Teucrium stocksianum subsp. stocksianum inhibited growth of seventeen bacterial and six fungal strains, including Staphylococcus species, and the MIC values were from 4.5 to 11.0 mg/mL for bacterial strains.
Research of Šamec et al. [33] showed that extracts of T. arduini leaves (prepared as hot water infusions) possess antibacterial activity against Staphylococcus aureus ATCC 6538 in MIC concentrations between 1.56 and 4.16 mg/mL, depending on the gathering area of T. arduini specimens.
Micromorphological traits
The family Lamiaceae is comprised of many commercially important essential oil accumulating species. Glandular trichomes occurring in this family are recognized as the site of essential oil biosynthesis, secretion and accumulation and their structure has been extensively studied [34] . Both non-glandular and glandular trichomes could be observed on leaves, stems, and calyxes of T. arduini (Figure 1 ). Non-glandular trichomes are bicellular to multicellular, unbranched, uniseriate, folded at different levels, and according to Payne [20] , they could be classified as attenuate hairs (Figure 1a,b) . Two types of glandular trichomes (peltate and capitate) could be distinguished. Peltate trichomes (Figure 1b,d) were composed of a single basal epidermal cell, a one stalk cell, a multicellular head, and a large subcuticular space. They could be found on abaxial leaves side, on stems and calyxes. Also, two types of capitate trichomes could be observed. Capitate type I trichomes (C1) consisted of a single basal epidermal cell, a short unicellular stalk and a secretory head of four cells (Figure 1d ). They could be found on adaxial and abaxial leaf side, on stem and calyxes. Lakušic et al. [35] reported the capitate trichome Type I for T. arduini from regions in Montenegro and Serbia. Capitate type II trichomes (C2) consisted of one basal epidermal cell, a pluricellular stalk and a secretory head of a single cell (Figure 1c ,e). They could be found only on calyx. These two types of capitate trichomes are also present in other Teucrium species [36] [37] [38] . The results presented here also confirmed the investigations of Kremer et al. [9] who describe the same types of glandular trichomes in T. arduini samples from Croatia, and Bosnia and Herzegovina. Pollen grains of T. arduini were single (monad pollen), isopolar (Figure 1f) , and belonged to the medium-sized pollen (26-50 μm). The polar axis (P) measured 43.13±3.16 μm, while the equatorial diameter (E) measured 20.19±1.55 μm. According to the P/E ratio (2.14), pollen had a perprolate shape. The equatorial outline was elliptical (Figure 1 f) , while the polar view showed a circular shape with narrow, less visible ends of the apertures (Figure 1g ). The pollen is tricolpate, with apertures set in equatorial pollen belt (zonocolpate). Apertures are sunken, long, and narrow, with sharp edges and a pointed end. The mesocolpium is rather large, while the apocolpium is small. The exina has appearance which could not be classified as any typical form of sculpture. Less visible prominences, small depressions and small number of perforations are characteristic for pollen surface (Figure 1h ). According to Ricciardelli D'Albore [39] , exina of Teucrium fruticans has similar, scabrate ornamentation.
Conclusions
In this study, the composition of the essential oil of endemic Teucrium arduini were analyzed using GC-FID and GC-MS, while the content of macroelements and trace elements was analyzed by ICP-AES. Results show that the essential oil of T. arduini was characterized by a high concentration of sesquiterpene hydrocarbons (68.5%). Among the macroelements, the content of Ca was the highest, while the content of Na was the smallest. Among the micronutrients, the most represented element was Fe, while the content of each investigated toxic metal (As, Hg, Pb, Cd and Cr) was below permissible levels. The essential oil obtained from the above ground parts showed a broad spectrum of antimicrobial activity on tested microbial strains. Presented results give new insights about chemical and micromorphological traits of endemic T. arduini, and indicate that the use of T. arduini essential oils is a feasible alternative as antimicrobial agents.
